The aim of this work is to deal with a new integrable nonlinear equation of wave propagation, the combined of the Korteweg-de vries equation and the negative order Korteweg-de vries equation (combined KdV-nKdV) equation, which was more recently proposed by Wazwaz. Upon using wave reduction variable, it turns out that the reduced combined KdV-nKdV equation is alike the reduced (3+1)-dimensional Jimbo Miwa (JM) equation, the reduced (3+1)-dimensional Potential Yu-Toda-Sasa-Fukuyama (PYTSF) equation and the reduced (3 + 1)dimensional generalized shallow water (GSW) equation in the travelling wave. In fact, the four transformed equations belong to the same class of ordinary differential equation. With the benefit of well-known general solutions for the reduced equation, we show that subjects to some change of parameters, a variety of families of solutions are constructed for the combined KdV-nKdV equation which can be expressed in terms of rational functions, exponential functions and periodic solutions of trigonometric functions and hyperbolic functions. In addition to that the equation admits solitary waves, and double periodic waves in terms of special functions such as Jacobian elliptic functions and Weierstrass elliptic functions
where u is the amplitude of the wave in one field x plus time t. Clearly, it is a scalar fourth order nonlinear equation and it has three linear and three nonlinear terms; the terms [1] . The tan /cot, tanh / coth, and a modified version of Hirota's formula were used to get solutions for this equation see for more details [1] . The other three equations, we consider in this work, are the JM equation in (3 + 1)dimensions which was proposed by Jimbo and Miwa [2] , that is
The PYTSF equation in (3 + 1)-dimensions was introduced by Yu and his collaborators [3] , reads , 0 (3) and the GSW equation in (3 + 1)-dimensions was given by Tian and Gao [4] , this is given by , 0
The JM equation (2), the PYTSF equation (3) and the GSW equation (4) are all of fourth order nonlinear equations they describe waves propagate in three spatial dimensions. These equations have attracted researchers from many fields and many approaches have been used to study and analyze the behavior of the solutions of these equations see for instances [5] [6] [7] [8] [9] [10] [11] [12] [13] . This work is lined up as follows. In section two, a wave reduction variable is used to reduce the equations in higher dimensions, the combined KdV-nKdV, JM, PYTSF and GSW equations, to an ordinary differential equation in one variable, also in the same section we address how these equations are related and the relations for the parameters are stated. We move next to section three where solutions for the combined KdV-nKdV equation are established by showing how the solutions are built on the solutions of other equations. Conclusion is given in the last section.
The connections among the reduced combined KdV-nKdV equation and other reduced nonlinear equations
The combined KdV-nKdV equation 1, that is ,
where u is a function of one field x plus time t , can be transformed to an ordinary differential equation and that by reducing the number of independent variables of the equation to only one wave reduction variable by taking
where and are arbitrary constants. Substituting into equation (5) , after using chain rule, yields , 0 2 4
where * c is a constant of integration.
Rewriting the equation , 0
The equation under reduction (8) by a wave reduction variable is similar to the transformed J M equation (2) in the travelling wave [5] , that is , 0 where a, b, c and w are arbitrary constants. Another form for (3+1)-dimensional Jimbo-Miwa equation can be found in [14] , this is given by , 0 3 2
integrating once and setting the constant of integration to zero yields
where c, d and e are constants, the equation
Rewriting the equation where V is a constant.
In the next section, we shall use these relations among these equations to construct solutions 36 for the combined KdV-nKdV equation.
Solutions for the combined KdV-nKdV equation
This section is dedicated to get solutions for the combined KdV-nKdV equation. The strategy for obtaining exact solutions is built on the links among the reduced combined KdV-nKdV equation and the solutions of other reduced nonlinear equations in the travelling wave. According to a transformed rational function method which was applied by Wen and Jhn [5] , and based on the relations of the parameters in (10), we obtain the following solutions for the combined KdV-nKdV equation
where all the constants are arbitrary. where all the constants are arbitrary.
Solution II
According to a generalization of the ′ expansion method which was used by Zhang The solution for the last equation is well known in the literature see for instance the classic book of Whittaker and Watson [15] , and can be given in terms of Weierstrass double periodic waves in the following form
where Weierstrass elliptic function ℘ satisfies the differential equation 
Conclusions
To sum up, families of solutions for the combined KdV-nKdV equation have been found. The results were built on the connections to some nonlinear equations in higher dimensions. We have shown that the solutions of the new integrable nonlinear equation, the combined KdV-nKdV equation, can be obtained by some analogues of solutions of the JM , PYTSF and GSW equations. These nonlinear equations actually are related to each other in the travelling wave; they belong to the 44 same class of nonlinear ordinary differential equation. The exact solutions for combined KdV-nKdV equation are represented in terms of solitary wave, periodic wave solutions by means of trigonometric functions and hyperbolic functions, and double periodic wave solutions by means of Jacobian elliptic functions and Weierstrass elliptic functions, although the solutions in terms of elliptic functions were not given in simple forms. One may notice that each method that have been used in solving the nonlinear equations provide variety types of solutions, and by examining these approaches one may recognize the efficiency and reliability of such methods; however some methods give more general solutions than others. Finally we should say that some solutions may repeated or looked the same after using some equivalent relations, but we have written them to show the similarities and differences of the methods that have been used to solve these types of equations.
